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heat accunul at i womfrgﬁwohmmmnedammmﬁm hot'spét@éri beisuppesdsedbe i ncr eased
atthe inlet si)Anbichasivé oxidationdexcticharsthélipt Spot i€ prévented, indihelfidalumsaterated aldehydesiandbe
conpl eted at t hnsatutddaiidsscat e obitairet! lvith higheselpctivitysinl high Yialdss bet ween t he i nl et
and the auatl et (g)Degriniationetibs catalys{tiyjaheat ivad ls erevimited ond the cataiyekéan Ge stablyysedfotd lengt o
achi eve ener gy perind pftig®e. such as reduction of cost of an electric power in a
bl ower, etc. Std)Thefinglundsturatedtaidehydestand ynseturgted arids carybs preducadinderdich lopdyeaction gogr
of the hot spotitipesofphighsensenirationef 4 stastingsaterial arsa high spage valogity; reaking  pappiblgtopreatly
stopped and a #§mewreastvity.unni ng cost can be reduced as weII as an effect
of prol orf§i ng %) APresquin logs oty cafajystiaypr A i ded. ﬁ/n the
nol ybdenun‘rconlcai'sﬁfI t"’c'ﬁ? T“F"Ls' ‘sﬂ“ %ef df“ﬁ he ﬁ’é" ‘Y% YISt fpd the
corrponent i '€ FFW lllus%rat%?fﬁslﬁvrent ﬁmore
occur, at a hlpg °§'Wﬂ

pressure 1n
stafting gas. %?@fs%h%% Mt,wrmwansumm L.J.srseefansha%rfouaesar the
hot spot Ts Iarge there Pea jok) & caaytlc activity.

the other hand, in this mven,gdngbgm,%lggfeea il I.,a|spot i s dispersed and
the tenperature of the hot s[NgmbbrofheEdfSppiEsta araii 8% of the nol ybdenum
conmponent is prevented, degradatlon (Bcelebthltyml%}hyst I's prevented and the
catal yst 4dife is thUSNﬁh&}ﬁh@ﬁdfformuﬁﬁﬁjﬁh}l&l‘dehyménbu&aﬂuﬂteﬁlaéld Qhpotan be
prepared using a nmethod and shumberafigolsefreacteddtstingomatasiall y enpl oyed for
preparation of this type of the cat al'ljbbtyleld:(uﬂ%farrpl e, a final catalyst can
be prepared by m xi ngNumbenefimotyof fd aldelyderanggnsatyrated jaei Repor espective
el ement conponents of fornul a“‘(ﬂbyf“@'vfs'&ﬁ'i?éﬁ’dm@%@'s and nitric acid
salts eit#er as such or in the formof an aqueous solution, well kneading
the mxture, drying it by heating, and burning the dried product at a
tenperature of about 350 to [err] A nolding nethod of the catal yst is not
limted in particular; extrusion nolding or pelleting is available. In 5

a certai nscase, the conposite oxide of fornmula (1) may be supported on an

I nactive porous carrier as a catalytic conponent The inactive porous
carrier may be any inactive porous substance or any substance that can be
pul veri zed in porous state. Exanples thereof are al pha-alum na, silicon

carbide, pumce, silica, zirconiumoxide and titani um oxi de.
5




In this invention, the nmbdes of the plurality of the catalysts filled in
the plurality of the reaction zones may 10 be the sanme ordiferent. For
exanpl e, when the nunber of the reacgpeisosoéws i S 2, a conbination of a

nol ded catal yst and a supported catal yst can be used. The gaseous phase
catal ytic oxidation reaction in this invention nmay be either an ordinary
once-t hrough nethod or a recycling nethod, and can be carried out under
condi tions generalIFOM$@GtiMLmhiéseqpe=of the re- action. For exanple, the
oxidation reaction is performed by introducing a gas mixture conprising 1
to 10 % 15 by vol une ,aﬁﬁéﬁyVQ%MmQNOQHfﬂhéﬁﬁ:Gaﬁelyahpound sel ected from

i sobwtyl ene, tert. -b thyl-_tert -butyy giégd, 3 to 20 %
by vol ume of nol ecul afy {g 2 (™M, $28vol une of steam and 20 to 80 %
by vol une of an inert |f}ogen or a carbon di oxide gas) onto the

catal ysts at a tenpéerGbe o2t®60 t o 4500C under pressure of atnospheric
pressure 0 10 atmat a space velocity of 300 to 5,000 [err] (STP). In
accor dance WRERERENTIAL EXAMRhEiOn, occurrence of the hot spot or heat
accurnul ati on of the hot spot can ef- 20 festively be suppressed even under

hi gh | oad r elReduction f emefplystions of el evating the concentration of the
starting material and increasing the space velocity, so that narkedl \éwgood

resul ts c&n beoile baating50R “&?f '|'°§'d‘f‘?t°f H‘"t ?‘i’é"“&r?d'izﬁaf’%fﬂ‘iﬂ@@é@é@dm and
ti

Thef ol | remgnjy Yﬂ‘“ R
e T 5’%% T
22ﬁ havi ng d smuth in g til eﬁﬁth Efolﬁ §t§11 acld
s 25 ,,di P b hQQ u%tB%ﬁlut hd 5ilks sgmt.on
such~t hat” th@as . n,ﬁ@& gs&ﬁﬁnmj‘
a solué ob soleBiita
Sa¥siufh Al ﬂe ﬁu%@ﬁ:ﬁ‘o?ﬁﬁﬂnue

side to the g Byweightofsllloon
accunul at i ond,?I 4, Mmr%sé‘aﬂﬁ@t‘ﬁ&bﬁe oxi dati on
reaction int e&QBBenbiﬁn Wes@VApbraRiito dARshs Whifd hbatingit with3Bifhg! bt te tesdlt @ HYAEES
and unsatggr uﬁsﬂzstﬁanea.avebe dBRIn poRdbr ivinG a Parfidle &isthets bil abbut Y50 rilcrbrh@éts.y | €l ds.
30 (c) Deg I'rﬁéhaérarmlatmfwah bé&@fofrddar atEdrdakide with B CentrifligaEidwictatig MastBotitdestribedntiap-n e
cat al yst canarase [Sildadpén/PdtsntAbplicationdol 85M39/4989 (sexExarhpld IHneredfl Thalis,aipha-alaina sphe-
unsat ur at ed fdadraltiidehaving én avemgé dismdter df Tubmcverechargdidn pcentlifigeidiowicoating devigh Sulyad
reacti on conseqakhtly, sy pert ofshetabgyle pavaiecand & disttliedwatey bs abirsiposphericg) particlesrhiaving eaeer-a
hi gh space vagediametgr, of Ak weee formegthreghJiotaino§a0)e.Adter the particleewere.dried avernight at120°Q5
(e) A pr essuthedred particids wereduined at 430°C farAhourszindeprassegeef ak tonbtaia paalyst (2)1B9id catalyplc
process of t krddheifelipwing eamposition (plan afosicetie gxcepboxygeltuce t he unsat ur at ed

al dehydes and t he unsat ur at ed aci dsMojeWeBiFgyEp i and acr ylic acid, or

met ha?:rol ei n a mq%ﬁwgrmreﬂd#w@m9mdm%¢em$ e, same,way 83 ghove, an

Ex | h t

Pt oal Ty I gl i 5 Z&&; of e e ¢ s By P Bolt o wenctoge o
a

time in this ﬂ%tér@l s follows. Conversion (nol% = Nunber of
nolis ,of reac 1.l materl al x 100 Nunberof nols of suppliedstarting
nat%’f;l al fe&@lat\ﬁ/’waa&toggl = 45 Nunmber of nols of forned

unsat ur at ed al dghyilss M(M)%ﬁ%paﬁ%gén &{LPhgbHiBR&ErQF 29 hth SndXftedi GidCd Béket
starting mat gfdirdliatih®s Moitel st héla Helfig Hediam S g plERdr fredburig@tdiperatuitsotd sataiee d
al dehyde andiayk vad fillediviih, 500 infll ofthi dagilyst @2). Wlﬂie %edping the figirpbrafiireSdr thé iroltd sabdta20°0)
X 100 50 55 agashiitite é&ﬁbnﬁﬁ@ B by YoRitie dfroplylohe: 104.5% &Y voluiridaf exiden)\s7% tyluiie of stdamed
catal yst 4 and 78.8 % by volume of nitrogen was passed for a contact time of 2.2 seconds to conduct the reaction.
Apressure loss of the catalyst layer during the reaction, a temperature of a hot spot and a yield were found,
and the results are shown in Table 1.

REFERENTIAL EXAMPLE 2

Referential Example 1 was repeated except that a gas mixture comprising 9 % by volume of propylene,
15 % by volume of axygen, 10 % by volume of steam and 66 % by volume of nitrogen was used as a starting
gas. The results are shown in Table 1.

55 REFERENTIAL EXAMPLE 3

Referential Example 1 was repeated except that the catalyst (1) was used instead of the catalyst (2) and
the reaction temperature was changed into 310°C. The results are shown in Table 1.



(liter) Flowrate of staring gas ' ' x 3,600 (liter/hr)*
[err] 10 REFERENTI AL EXAMPLE 1 [Production of a catalyst] 15 Wi | e
heating 4,500 m of a distilled wat egpyasolzeéti rri ng, 2,124 g of ammoni um
nol ybdat e and 648 g of anmoni um paratungstate were dissolved therein to

obtain an a%%%gE@&MEQA) Separately, 1,400 g of cobalt nitrate was

di ssolved in rstilled water to forman aqueous solution (B),

486 g of ferri ﬁefgﬂei.tra?é)gm &WQ; E.gg:em Oa{ 3@ 5,@“%@&.114@@% APdadye oPana.
forman aqu é‘n%ac‘i'g 4 | SS
600 nml of, a I stil water ac |edW| conc. nitric acid 20
to ferm an mgm@gml@gd D) The aqueous soI utlons (B), (© and (D)
were m xed, and the m xed solution was added dropw se to the aqueous

sol ution (A) WRbfbntial D@ Wiis refdated bXxtapt tHACth@CHRGLT) va® Lidell indtBad ofdhe cAtblfst @F the
sively, an agattiontempendturt was\chaied into380°)and ia gasrhituid GormpHeing)7 %iby Solime of BobubyEhne,
cont ai ni ng 213.2% lyyvolume dflakyger, 109% byi volome afstean ahd 6.8 % byivdléhef nitfogeniaa gsetl asna starting
hydr oxi de | nge8Oie resulsfareshalvndd Tabledd wat er was added thereto. The fornmed
suspensi on was Teatemerattire of thedhotiipgtibecame white| high.[Fyert whey the reaglion kemperiature) wag lowenadito
the resul ti neoys: the tepperatrre ofithe hql eptol wasigradualiy pleivated endhe reastierwagiherdiy condyaipdy More-
havi ng a parevetineasdiotihagatalyt @) the pracentratiog ofjsabutypnetwas misedin ingreasgpepdutivityi han. iigs
per f or med®i rregftienrodidneteontiyen a centrifugal flow coating method described in
Jap- anese Lai d- oEen Patent Application No. 85139/1989 (see Exanple I-1-1I

t hereof ). ThEAMPLETy) pha al um na sphe- rical particl es having an average

dianeter of 1 e Cc 9r ed.in centrifu co ng S il Slfpsso
e ﬁﬁ?@‘ i s

t hr ough hot eof 09 by vorui & bt s
the dried pagh eﬁl\ﬁ ;g% wafid '2%@533 i % MEng’ésaﬁﬂaasqimaasm to
sh St

obtain a catﬁJeygs .y the follow ng conposition (at an
atom c raki 0 e¥pmithe @msﬂﬂuei arf&ﬂ;wﬁﬁéttneqémpbha.r@&%aotngmm@pm&vm.ﬂeﬁb hight h
an average diopéghirdtion Stithetaiing hiatehmhéaaleawwaygoasaﬂmmssmdssaﬁneeam,auaunmd
to obtain a deddadwst (2). The sizes and the occupi ed vol unes of the

catalysts (1) and (2) are shown in Table 4 along with those of catal ysts
(3) to (17) COMBARATIWNEEXAMPIE1 ater. [ Oxi dation reaction] 40 A stainless
steel (SWB-304) reaction pipe having an average dianeter of 25 nm and
fitted with a Esanpist1 wesrepeated dxaept thet the stastingepas ilat nortieg ofthéweadtiompjpewasifilled with@d a
t her nocoupl emiktyre ofithe catalysh(]) %tldtal!lme pballs gach having-a diemeter ofStmm af\acvolume, mtie pflabeud2:1.

with 1, 300 nThegésultsase shawmin .2). Wile keeping the tenperature of the
nmol ten salt at F{°E'rt't‘ regylty efJable tlHP“em @F'\q hestempasspurg g thmhot $pot is,avip g #dhe
10. 2 % by®*® v oYRsiRams ed!!weﬁﬁ"fes’%/@sryat\? estvity {8d%n 46 and 78.8 % by vol une

of nitrogen %ﬁ sed for a contact ti rre of 2.2 seconds to conduct the
reactlon | oss of the catalyst |layerduring the reaction, a

 Fble 5. g&;ﬁ;@%%@%&%@%@%‘ el e o 41 e
except i 8 $roi the dutt 6 TREE'D it saq.n&rs(eohyhavweymn% spacew&apem.éﬁmfpnnxve

vol ume of  OXydBivity: the Bbjedt oMb WVEALISH cas beadillbredd 66 % by Vol ume of nitrogen
was used as a starting gas. The results are shown In Table 1. 55

REFERENTI AL EMAtEBs 3 Referential Exanple 1 was repeated except that the

catal yst &1) was used instead of the catalyst (2) and the reaction

t elper at ur e wag cathigst (Ppelas prdparedl ia thesanidweaylae i Refefential Example tvaxcept thatthd resulting Bowder
was pelletized to form cylindrical pellets each having a diameter of 5 mm and a height of 5 mm and the pellets
were burned at 460°C for 6 hours under an atmosphere of air. Likewise, a catalyst (4) was prepared by forming
cylindrical pellets each having a diameter of 6 mm and a height of 6 mm and burning the pellets at 460°C for

50 6 hours; also, a catalyst (5) was prepared by forming cylindrical pellets each having a diameter of 8 mm and

a height of 8 mm and burning the pellets at 480°C for 6 hours under an atmosphere of air.

The same reaction pipe as used in Example 1 except that the diameter of the pipe was 30 mm was filled
with 500 ml of the catalyst (5), 450 ml of the catalyst (4) and 900 ml of the catalyst (3) in this order from the
starting gas inlet side toward the outlet side.

&5 Then, the reaction was conducted as in Example 1. The results are shown in Table 2.



EP O 450 596 Bl REFERENTI AL EXAMPLE 4 Referential Exanple 2 was repeated
except that the catalyst (1) was used instead of the catalyt (2) and the
reaction tenperature was changed | ntgp¢4gosdeghe results are shown in Table
1. REFERENTI AL EXAMPLE 5 Referential Exanple 1 was repeated except that the
cat al yst (1)E>¥)@n? ged instead of the catalyst (2), the reaction tenperature
was changed 1nto Ferr] and a gas m xture conprising 7 % by vol une of

i sobutyl ene, 1Q cardids &) whsPrepiah BT RObrefial EaRple 1 Bxckbt hét O tekiiting Bowdet i Poidlihd
69.8 % by VvOb iR cf ri@élb&ll@ﬂ%?ch‘@ﬁﬁngl&ﬁ E@sdﬁmmmmumﬁmem .tm% &l the
shown i n gabdefetd werd Btndd Ui WEDEEHokE Fourtfunlidd 8n Atosphéle bf RAGIRWRe, Gltaialst () Uhs prépaRi
whenv¥he T eagidrming bylingied! pélists SachBvig @ WRMEEr of ®mn@hd gn amegethe.amrm.u Al anntnb )
hot spot waspefisteatusdet sor € hstirsih arhtiasuphdrd e a¥;@a2athlysh (8) wasprdparedibyyforming Gylindrical pelibisr €
over, i n caseacwlhiavingan averagd dime{edf 10 inlh@nd anaveragerhaiplit o0 @im and birnihgthe petietsat180°C
rai sed to i nforéwes updeoahatinosphare/of aifthen, the 15 reaction could not continue.
EXAVPLE 70 The aAstinlessatpel3idS-804) teadtiompipet (ardinnendianieltas of 38 me) previded drits axis withadhermo-
Referenti al doupiepridalippedine béth pf agublten sali weSTilled @ith TH0 mbHf thexatalysti(8)| 708 ml ¢fthe datalystng
the average @) 8fcrlef the patalyshi@) andii10Qmidf the catalyst (3o this le’mthprstarﬂeaigqm"tlﬁi sigelo
m of the ca‘i‘a?ly'sts'd&ﬁ;m thaveaetion ping a gesmixiye cemprsing &% bb‘f""’&'eﬁfﬂmpﬂﬁ@- BYoluMer e
of the nol t e?f o¥@gen. 14Dy yelym E;@‘F fnd 6B Yoty vialume ofnit f pripertgag wes iy ?ﬁdd‘r'ré
of propy|®neconted top gI244500He @ h?)’i??ﬁ'&%“"“fﬁ”‘”/ﬁ"ﬁ‘iﬂ'm a"ﬁf""!’f‘ LRh 66 % by
vol unme of ni duced for a contact tinme of 2.2 seconds and
the reactio ééﬁ%&?%@%ﬁoz The results are shown in Tabl e 2. 25

From the resul trﬁergictd;% nhthd da L o A A e oswa 000
SPOL 1 S KEDUmf i Eh in W )t 8 brid -
t he sel ectiv, hfésu int epr essure e cata yst ayer ren-
dered | ow, cﬁe oAl r“mnarm&a mmaaarmsﬁarﬁm.chtt@aowwae
starting gaSmiditihofRbttenPBraldfe i sAifted B leadtion Gis bt sMbSthd thrrbeRAurvbrtHg hat sibk Becotied

of the cat al ¥%ighad41380) dndthe dohvarsidaahd the BRCA aeéy.aeoﬁoql.ﬁmharacmenﬁm@asea
volunme raki o of about 2:1. The results are shown in Table 2. Fromthe

results of TeddMPLEs |t becones apparent that the tenperature of the hot
spot is quite high at the 35 wupstreamside, the pressure loss is great and
t he sel ecti vi t A catslyst (1) halingrdvfeivérage diamatepdf® nin anel @ catalpst (iR)dehving an average diameter of 7
except t hat t hmoenieampared asin RafarsntishExample 1 excepbthatti@sesultinapowdeTas farmed ib haye gspherical
shown 40 % nsh@ipshl e 2. Fromthe results of Table 2, it can be understood

t hat even when Thenethensagtien was condycted asin Exanipled GP@RS‘“PWB‘F‘&“W'BHWW Were ysed ingiead
obj ect of t heféhejcatplysts (1hand () The eesilis greshewn in BRIARPLE 3 45 A cat aI st (3) was
prepared in thémg‘a'f'ﬁsfe%ixﬁé@"q%'tRMﬁ'@h?VPaWh%ﬁﬂc@“P'@f@Bﬁ's th?'h'@ mple
resul ti ng_pohdfiegoogeldsareobiaingdy t o form cylindrical pellets each having a

di anet er “of of 5 mmand the pellets were burned [err]
hour s under gﬂ%@ﬁ%@?@*@fg air. Likew se, a catalyst (4) was prepared by

for mng cyli r]dl:I'Ilne r%fign%ﬂs nsas pﬁ%v ttﬁat ﬁﬂg egtl;lys@r%ffaoaggasq
6 mmsand bur 4 'tHZQ: ‘ﬁL nvbrslon %é&ea. n’% hené’u% f5)
was prep%ed é?.&%ri}\ G mca ljs t%e

and a height o nm an urn| ng th e pe ets at err for 6 hours under an
at nosphere Oéoﬁp;(mﬁﬁh(gxﬁﬂﬁ&‘ eaction pipe as used in Exanple 1 except that
the dianeter of the pipe was 30 mmwas filled with 500 mMl of the catal yst
(5), 450 m of Théreactier viads yahiducted s ia Exhnfp@@ extepteat 1,300 oftimicatalyst (11)albhe was fillddl Fhough
order fr osn t thereadtian temperatg@was lowerdd ts 2852C, itteviat splotitdmperaturd vass ralsed,@nd thé reaction could
Then, the reegtiantmvewas conducted as in Exanple 1. The results are shown in

Tabl e 2.
EXAMPLE 6

50 The reaction pipe having an inner diameter of 25 mm was filled with 300 ml of the catalyst (2) in Example
1, 300 ml of the catalyst {11) in Example 5 and 600 ml of the catalyst (1) in Example 1 in this order from the
starting gas inlet side toward the outlet side.

The reaction was run as in Example 1 except that the molten salt temperature was changed into 315°C.
The results are shown in Table 2.

55 From the results of Table 2, it follows that the good resuits are obtained by increasing the number of the

reaction zones.



7 EP 0 460 596 Bl EXAMPLE 4 A catal'yst (6) was prepared as in
Referential Exanple 1 except that the resulting powder was pelletized to
formcylindrical pellets each havi ngeppsspseédgpe di aneter of 6 mm and an
average height of 6 mm and the 5 pellets were burned at [err] for 6
hour s under égwﬁyl_gpsphere of air. Likew se, a catalyst (7) was prepared by
formng cylindrical pellets each having a dianeter of 8 nmand an average

hei ght of 8 ”“‘A%Elﬁysﬁ’&léﬂ'aﬂﬁba‘h%% 8 bilbRtsr oS mih G& 61;]repfaf&& adin ﬁ&%tﬁmﬂ;ﬁ;@k 1 except that
at nospher e Ohe athdunt oPcobakinfivaté getlV@ssiui nitiaRwWasluseY indtétd 6 polssiund ide‘afd burnin
pel |l et's eachwdsddndieteddl 560¢€ ford Rourl wHIE pRbingdn ak Btrédim. Pieba@ist HEFRAER f&llﬁtlmﬂé‘léorr@ﬁ
10 nwrand b Ugititin (e ah Stemip kb Sicopt dlygdni '] for 6 hours under an atnmosphere of
air. 10 - Astainless steel (SUS-JsiwW,.Brreado,CogeeSitdoe (an i nner di aneter of
38 nm provi detiotetver, b satlysti(12) wasiplepared dsar Raferential Epdneglect esicepli tidthel sdnte pawdpbés abole a
mol t en sal t wasdorimed fodeve\an average Giaméterof 8 inihandarriigywes theB$ondut@0 at 207G fortélheurs.
catal yst #7), Stsamb reaftorasusedinExampletl wallledinthe starticipasinletportioinwithsq mllofthe caalypt
in this orded4)andimtheloutiet pastioniwitly 739 of thy @P‘vﬁl(%&%smmmmwem & Yoch volymrafise-h e
reaction pi peutylene,js% byvelymaogo 1|°‘“5'1VN@I" and B tedy volumg PUESSPDQ!W@S'"MUWby
vol une of ox‘}tg@ﬁ‘t"’“iﬂﬂ%i‘sﬁﬂt“ﬁﬂf §980ng w3 infrequgeinelin, andiheseaction
and an |nert‘”ﬁ&g’%‘s‘“|TH‘E'P°8{'}EIE’QG"‘1‘”B|'“T&"'E?J contact tine of 2.4 seconds, and

the react®on The results are shown in Table 2. COVPARATI VE

EXAMPLE 2 Th‘é&@%@ﬁ&%m@'ﬁ%n in the sane way as I n Exanple 4 except that

ﬁncg} 2o e Qﬁf;ﬁf b E,ta% ¥ ceplhe o R iR 13@“%@.@
ul'ts are'os vvn |n Fromt he results of Table 2,

he res
\"%oun t heEMPARRPRE StaMbLE Exanpl e 4 the position in which to show the
ITB.XI mum hot spot tenperature is shifted to the reaction gas inlet side, the

tenperature of trh@remsrﬁmtmhmmm EXSmpl DékedpPthht766 tl o8 AlixiuRboimSHRMNE thé atslysBis)
the total OnganRPSEelaih Resthiging Ravinglah Sverig Slarretél ofSMiAriah avdFage RGN 618 FrRtht a vdlume
EXAVPLE 25A &6 ekl s ((iidd jn thoaterting g&d Inlét porticrOand thie adtilyse(13)@as filed T the tiltid psradnathest
(12) havi ng msultaseskae irfableet er of 7 mm were prepared as in Referenti al
Exanpl e 1 exceptthatthe resulting powderwasfornmed to haves spherical 30
shape. Then, EXAMPLE8acti on was conducted as in Exanple 1 exceptthatthe
catalysts (11) and (12) were used instead of the catalysts (1) and (2). The
results a®e shdéwntalyst (TBhmascprepared pshimExamplerdike the satalyst (5) pycept that the repyliing goveder wast
even when t heslietized:tofosm ring=¥ie epliets paeh haxing anpyter digmetes of %mEo@atmp leagth of § me agbwa"
yi el ds are othickiesse3 mogandimepdipmetarof2 mAVPLE 3 The reacti on was run i
Exanpl e 5 exceﬁt‘*’ 1epeiipn wassumasip Exsmple i3 except it {e catghyes (10) a8 feed jngteaq ?fltﬂeﬁm'yﬁé"’)a
resul t, at t e '&’tﬂ’?ﬂ'ﬁ‘”’t@m%wre of [err] the conversion of propylene
was 93.4 lﬁ%AI\{IJqEQt otal one-pass yield of 40 acrolein and acrylic acid
88.7 nol % & ®hot spot tenperature [err] respectively. COVARATI VE

EXAMPLE 4 The 1 %?EJ of Wk fithad %‘fii%éa.ﬁﬂ ﬁhe%nﬁéﬁ%ﬁﬂ%ﬁmémﬁ?&a?&ed
the,_catal yst 61 .f %dmsr&m ﬁatﬁﬂ,%ﬂ uded étbd G Ao k'
lowered tg [ &l Q&dé%ﬁel&s@% rbfafingPsturfya! sed reaction

coul d not cont i Bowder¥iér @pheres eddhhatifpe didnititer Bf mmfaad/a msnaaommrmre
di aneter of Eé&nmmstsfueb&rﬂqwm o 3atAlystd werd buifa@ alsr5°C!foF T thodrg WhilepadsigaR| € 1,
300 M of the qréwbyathlystslhb theTollbwify domposition 16t ah @@mickatid bxdeftexygad)al yst (1) in
Exanple 1 in this order fromthe st amolWB)LFEE8:Ni,Rbgt Si de toward the outl et
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EXAMPLES 10-1 to 10-8 and COMPARATIVE EXAMPLES Ato P

Various catalysts were prepared as in Referential Example 1 except that the composition was changed

as shown in Table 5-1. Each of the catalysts was filled in a reaction pipe in either a double layer (Examples
10-1 to 10-8) or a single layer (Comparative Examples A to P), and the reaction was run as in Example 1.
The results are shown in Table 5-2.
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bi s h; Fe denotes irorg Ar-dang at| | epst Jond el pnent sel ect ed
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al kali netal, an al kali negepst h ndithdl lijum ] C ¢dengt esj at | east one
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oxygen; a, b, c, d, €& f|, »g|®F na{e runblers| of latdms pf Mo, W Bi,
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are used as catalysts, (b) a pl urality of reaction zonml—eng
an axial direction in each reaction pipe of the fixed| ﬁﬂ’"m

reactor, and 20 (c) the pluraleprtowsesesiBac cat al ys m JJH‘"!
occupi ed volume are filled in the plurality of the reactiorf zenes S

the occupi ed gyglsmes becone |ower fromthe starting gas inlet side to the
outlet side. 2. The process of claim 1 wherein propylene was catalytically

oxi di zed in g, ORSRIsSss %gg omearmneﬂwaa &ehydek & uRsdtitsle M’t Fﬂ:@&u&.x.d%g%m
The process of pighb Bratieabttnb Sonpodi séiRa froRissbufyRRd) BINBLLF SoRa ety -butyl ether
i sobutyl ege, t elnla.gakidtisPhasdhvith hiolbeursn6kydBaloPd iolbcliaF oxiiéhYbntdMindas tshg a fixed bed mul-
cat al\y1 I cal |y otipish résetdr, carattefized @Qhe phase t o produce net hacrol ein or netha-
crylic acid. 30 RajtagluraityDfdompbsite dxides/différert inBcupied vahdieSrbtbdentBgibydormar
ungesittigten Al dehyds oder einer WugWdiFéABICeMOcaur @) durch katal yti- ache
Oxi dation von Pr oyhgieinModehotes molytdensimc\W denstesmungside;Blbdenales bismuthi Fegienotel irén; Adehotes
| sobut yl e, t ert .atle@bone elemeRgelgcted ifriom lehialt andadickels Brdphotes at leashane plement salected from an
ei ner Gasphase nigkalhmetelianjalkalispearihmsetaband tialliv & dendtesatipasbone jelefoernit aglected from phos-
Sauer st of f ent halPherH tefiuriamcarsepic.bprom pigliviel @ntiinosy. He tpad, manganese, cerium and zinc; D denotes
Mehr r 8hr en- Fest bét 'PF%SH&"!?F@"* se!mrfeﬁ' sg'eqaeﬂ'anwém'sm andgiroqniupg; @ densles axygen; a, b,
Vi el zahl an zusa P §2W 9y WhBiche: A8 Girfband O; when a=2to 12, b=0
unt er achi gdl i Che[{o F- zeé "%11:010 =2 to 20, =0.005 to 3, g=0 to 4, h=0.5 to 30 and x=value
Mb. WBi oFecAeBt bya ofpAceleMeRn| ybdan steht, Wfur Wl fram

SEIt 22; nt . Bl aLgéevv\L mt[pﬁ{?g{y clt-{ QLOLQ raﬁ'ﬂ’(ﬁ%?d a? ?héﬁxia%%?tlon in r%a%\ e: e ns ggtpe fixed
El eRent apgsge- Wiige #ﬁ]ﬂgﬁ @%ﬁl%{ it ucuplgd vofuhhb Elre(illﬁédhf’i‘lhla H@ laf thwlgactlon

Thal I'ium steht, ds St tHaftRedcBiped Fdilines Qfower@l'dﬁgﬁ‘ﬁﬁmn HlbgllitletSI o,
Tel lur, Arsen, Bor, Ni ob, Antinon, Zinn, Biel, Mngan, r und ZI nk, steht,

45 D2f | Theprosesf daim 1mharenEbemnb wammgﬂmxtdaetsm Sighsecus|phase &l ;m&mi asm
Ti tan und Zi r comleinand#drylicécid.i r Sau- erstoffsteht a, b, c, d, e, f, g, h
und x furﬁahl en_von Atonen von Mo, Bi, Fe, A B C D und 0 stshen; wenn

2 bis 12, B=07 lifente “° peind gplected fyom isqbytylengy tertcbutyl gisabol an
N g G pely o w‘%ﬁgmws Ph, o FragioR maiapprolein or metha:

Oxi dat i onsgr ad Y§8%9E) errent s bestimmt Ist als Katal ysa- toren verwendet,

50 (b) eine Viel zahl an Reaktionszonen entlang der Achsenrichtung in
| eder Rea??ti Mehr - rohren-Festbettreaktors vorsieht, und (c)

di e Vl el zahl géhgn%ﬁagﬁ beansprucht en Vol unen unt erschi edlichen

Kat al ysat or eq, | erfihen Xir Abré@iting Bifids uRRAKLIHEAN ﬂﬁﬁﬂfé?h% uhdebittigdh éaa.ﬁd&b katalyti-
beansprucht en Vgl Bxidatiod Yon Prebyid' S¥erminddsioRs Bifst VerbhddiigS Slisgédanit S0l 18bbidten, tert.-
ver wendet %n Gas Bitylatkbhol AbtM BB L ERtyibkHer, 13\ Yhbredsphat ifiolekdlarem Saek sidhf ct eiharh Fho-
Anspr uch dadkudienBaLE 6T éhtifaitenaén Ged afer VBrveldun@dihed Mehmnmnrﬁ&bmmsmm
Her - stellung vgekeiaéichmat, darigh Acryl saure katal ytisch oxidiert. 21 ; c
L M  S* 3. Voré)ahne ¥eizath adzubanrsngeabtztbn, irddeh beardsp@chtehnoumbie it échiediiohen OXidén
m ridest ens Bi ne ‘erAormalung, ausge- wahit aus |sobutylen, tert.-Butylal kohol
und Methyl-tert.-butyiether in ei ndoMEBLPRABED0: Hellst el | ung von

Met hacr ol ei n odomoEMeEtMelybdin stabt, WEffirWalframstsiht, BiffirViemuth stéhit, Re (e Figdnsteht, Afismib-
Dana un procedt [Setensein Elpmant ausgewahitaus Gobalt vndijckel, steht; B fi mindentens|eip Rlemerit.dusge-

i nsaturt par oxyd4hltaypeipem Alkalimetal, !iEP@‘Féﬁ’F' ¥reetall updThalliums steht, Gifinspindestens el Flegrenty
noi ns un corrpost aULBY tat'gﬁf phor; Telly, f» iob, Antimeny,gpn, Pig}, Mangan, Cer und Zink, steht,

D far mindestens ein Element, ausge hltaus Silicium, Aluminium, Titan und Zircon, steht, O fiir Sau-
erstoff steht, a, b, ¢, d, e, f, g, h und x fiir Zahlen von Atomen von Mo, W, Bi, Fe, A, B, C, Dund O stehen;
wenn a=2 bis 12, b=0 bis 10 und a+b=12, ¢=0,1 bis 10, d=0,1 bis 10, e=2 bis 20, f=0,005 bis 3, g=0 bis
4, h=0,5 bis 30 und x=Wert, der durch den Oxidationsgrad jedes Elements bestimmt Ist, als Katalysa-
toren verwendet,

50 (b) eine Vielzahl an Reaktionszonen entlang der Achsenrichtung in jeder Reaktionsrdhre des Mehr-
réhren-Festbettreaktors vorsieht, und
(c) die Vielzahl der in dem beanspruchten Volumen unterschiedlichen Katalysatoren in die Vielzahl der
Reaktionszonen einfiillt, so daR die beanspruchten Volumina von der EinlaBseite des als Ausgangs-
material verwendeten Gases zur Auslaiseite hin kleiner werden.

55 '
2. Verfahren nach Anspruch 1, dadurch gekennzelchnet, daR man Propylen in einer Gasphase zur Her-

stellung von Acrolein und Acrylsdure katalytisch oxidiert.
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10 butylique et I’ tther de fert- butyle et de nethyie gene -
mol ecul aire ou un gaz contenant de i'oxy- gine noltcul al U'i) mmm“muﬂ
reacteur nultitubulaire Alit fixe, EROA50596BIt en ce d]u

oxydes m xes qul difffirent par |e volunme occupe, representts par

fornul e MbaV\§Bi (IrapeiBhsth Rhgpruch 1, Jabl)rch%} I é% dn lﬁdeSQAs%pigXleﬂﬁ usge-
t’%@é 5 hitDether e e‘i%e

represent |e tugshitb@1dbutylé, teFteﬂﬁ%ﬁHIQ\dNﬁ llung von
le for; A repremethdchleibdbiMetfaciyiaurd Halftidch 6 parm a t et
nickel ; B represente au noins un el enent choisi parm Ies met aux al cal i ns,

| es metaux alcalino-torreux et le thallium C represente au noins un

ei enevit  choi Revenaicatlonse phosphors, Is tollure, |I'arsenic, le bore, le

ni obium I'antinoine, |'etain, |le plonb, | e nanganese, | e cedumet |e zinc;
D r epr esent b1auDansiumproeédé paut lapraductidnafus ialdéhydeninsatups ovidlun ecideripsaturéglatxydatierngatalye
titane et |e ziliqueen phese gageuseduproppénetou d'awmeingungomposd chbisi parmi Ligobusyldrie, I'algool tertet
X reprtseft ent bubdiqueptréther daferfbitylaset'de méthyie phe Kayygdny mebbculaiFecouan g, co@enaiedeCoxy-
oba=2t 12, b=Qnginmplacuiase-enulilisapti réanteuranuititubulairp it e dractérisé epcgqup0, =
0,005 A 3, g = 0 48 HRysleurs oxydes Wﬂ"w'fféf%%lswo'w @Pvﬂéﬂméss@ﬁs Rar lsatrmule

d' oxydati on de % que errent %8 I:)
plusieurs, zones %?P I Ev '\‘Parﬂ’eP"é“d r"e‘?ﬁ"?“ﬁh 2 ygprpsente
dans chaglie tub m°"s"" e'tt tP@" oing yin

oil
; N | olSi ux al ||n ; P |
HENNENE - ﬁ»j” S ? fﬁ}r it ﬁ‘-ﬁ;s"mf %ﬁ%ﬁ*
Ert '

| es vol umes ocCrRfhi Ies

j usgw au got't dﬁonﬁ%%ﬁmes?@MoZW Bi, e o éh ﬁéféiligb @L‘l alb 5%- 1

du propyl ene esg= @n{@lﬁee@haéﬁmm%mowhp 18380 @22 GAISP IR s PP Bt &
‘acrodtine et dsdhagued®mes Yl i que. 3. Proct 'dt de’ la revendication 1, dans

| squel au noi nssodfutifisdsPonsrie calaselts, Par m | ' i sobutylene, |'alcool fert-

butyl i que etl' et ks phigeursiohesvssictidnmelled sontageiesed stivanttsdiredtisiy kiale@iatsthabub RIbedERtc-

en phase Zazeuse tipodurégeteatinliltitabulaive a litfixe,6te | a net hacrol ti ne ou de | ' aci de

ntthacryiique. 4@)ksdif@emd&caBilyseurs quidifférent parle volume occupé sont placés dans les différentes zones
réactionnelles de telle sorte que les volumes occupés décroissent depuis le c6té d’entrée du gaz de
départ jusqu'au cbté de sortie.

s0 2. Procédé de la revendication 1, dans lequel du propyléne est oxydé catalytiquement en phase gazeuse
pour produire de 'acroléine et de I'acide acrylique.

3. Procédé de la revendication 1, dans lequel au moins un composé choisi parmi 'isobutyi@ne, I'alcool fert-
butylique etI’éther de ferf-butyle et de méthyle est oxydé catalytiquement en phase gazeuse pour produire
35 de la méthacroléine ou de P'acide méthacrylique.



